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BACKGROUND OF THE INVENTION 

The invention relates to an identification 
system suitable for identifying objects from a remote 
interrogation station. More specifically, the invention 
provides an electronic identification device including a 
logic circuit and a memory, a trigger circuit and a 
transmitter positioned on an object and a remote 
interrogation station including a receiver and data 
processor, together with means for remotely programming 
the electronic identification device with transit 
information when the object is moving relative to the 
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interrogation station. The. invention also includes a 
system and apparatus for identifying vehicles traveling 
along multi-lane bidirectional highways by using a 
roadway antenna connected to the receiver of the remote 
interrogation station. The roadway antenna comprises an 
antenna array traversing the highway lanes, and includes 
a collinear antenna array positioned in a reflector 
shield filled with a dielectric and buried in a 
flush-mount relationship with the roadway surface. 

There is a need for an identification system 
wherein moving objects such as railroad cars, passing an 
interrogation station, identify themselves for both 
accounting and control purposes. Such a system would 
also be applicable to boats, trucks, shipping containers, 
mail bags, pallets, etc. As well as these commercial 
15 applications, there is also a need for an identification 
system for monitoring animals in their natural habitat, 
including both fish and birds. The system could be 
applicable for identification of humans, for control and 
security purposes, the identification of livestock, and 
20 many other uses. In addition to the above uses, the 
ability to read, write, delete or modify data in a 
digital form makes the system applicable to a variety of 
uses, an example of which is a credit card. In this 
case, the system serves as a portable interrogable memory 
25 for information such as a credit balance. 

The complexity of modern transportation systems 
has increased to the point where automated traffic 
management has become essential for efficient operation. 
This is true of railways, highway truck transportation, 
30 urban transit systems, mining and logging operations, 

livestock management, and even factory personnel, to name 
but a few. Early attempts to meet these needs followed 
the premise that all that was necessary was to identify 
the individual vehicles automatically and all other 
35 management functions could then be carried out in a 

central 'computer. This notion belies the fact that a 
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vast amount of data communications with a central data 
base are then required. In many cases, particularly when 
operations cover a large geograpnic area, this approach 
is both expensive and impractical. In addition, initial 
encoding of earlier devices was not satisfactory. The 
5 device was either factory-programmed, requiring a 

cross-reference table to relate the arbitrary number to 
that of the vehicle, or it was field-programmed by 
physical and/or electric contact, requiring sealing in 
the field to ensure package integrity. 
10 what is needed is a transponder system having a 

high gain antenna but with broad transverse coverage to 
ensure that transponder communication can take place 
between an interrogation station and an information and 
identity storage system carried by a highway vehicle. 



SUMMARY OF THE INVENTION 



The present invention provides an electronic 
identification system that can store both fixed and 
changing information on a moving object, such as a 
railroad car, without physical contact and while the 
object is moving at relatively high speeds. Furthermore, 
a portion of the information stored on the object can be 
protected from accidental erasure so that portion cannot 
25 be changed without further steps being taken. 

In the case of a railroad car, the system 
provides the car's identity and other pertinent 
information relating to the car. Some of the information 
is protected from erasure, such as the identification 
30 number, the type of car and loading limits. Other 

information, such as destination, contents, special 
handling considerations, etc., can be reprogrammed 
remotely by an interrogation station. 

To provide for high speed transmission of 
information, a memory that can be read and changed and 
has a number of separate pages to store information is 
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located on the object. Different interrogation stations 
can then be placed to send encoded interrogation signals 
to read individual pages of information. Some pages may 
be protected from erasure as they contain fixed 
information, while other pages may be remotely changed as 
desired. By utilizing separate pages in the memory, and 
more than one interrogation station, more information can 
be gathered in a shorter space of time, thus allowing 
higher relative speeds between the object and the 
interrogation station. The information gathered by the 
interrogation stations may be transmitted in a 
computer-compatible format for storage and transmission 
by existing data communication systems. 

Another use for the system is to place 
electronic identification devices along the path, such as 
15 a railroad track, road or highway, and install an 

interrogation station on a moving vehicle, such as a 
railroad train, automobile or truck. The electronic 
identification system of the present invention has an 
information and identity storage device including a logic 
circuit and memory, trigger circuit and a transmitter 
located on the object, with the trigger circuit operating 
on low power. Upon being triggered by a signal from a 
remote interrogation station, the transmitter transmits 
the data into memory in a short series of transmissions. 
Power for the transmitter is provided by battery but can 
include other sources of power, such as an inert ial 
generator, electromagnetic generation, induction, visible 
or infrared light, or by combinations of these power 
sources. Moving objects can generate power for the 
transmitter from movement or vibration in a gravitational 
field. This technique can also be used to extend the 
life of the battery. 

The interrogation station, as well as sending a 
signal to trigger the trigger circuit, also has a pulse 
sequence generator to program the memory on the object 
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and a receiver to receive the data from the memory on the 
object. 

The use of an absolute time source in the 
information and identity storage device provides for 
synchronization between the transmitter and the receiver 
and allows the use of a non-return to zero (NRZ) code 
format. Alternatively, a free running clock can be used 
in the system and synchronization can be effected by 
choice of a suitable code format and appropriate 
processing in the decoding unit . 

This system has the additional advantage of 
allowing the clock oscillator to be gated off between 
interrogations with further savings in quiescent power 
consumption. The data transfer rate for the transmitter 
should be sufficient to allow for the relative velocity 
between the object to be identified and the interrogation 
station. 

In one embodiment, the memory bank associated 
with the information and identity storage device on the 
vehicle stores two hundred fifty six bits divided into 
four sixty four bit pages. The first page could contain 
the most important information including the identity of 
the vehicle and can be read at speeds of up to 320 
km./hr. (160 m.p.h.). The other pages can be read by the 
same interrogation station at lower speeds. Thirty four 
bits of the first sixty four bit page of the memory can 
be "write-protected" to prevent erasure. When the 
information and identity storage device is physically 
removed from a vehicle, the "write-protected" portion of 
the memory bank can be reprogrammed for use on a 
different vehicle without physical alterations. In one 
embodiment, these "write-protected" bits can be 
reprogrammed by illuminating a light-activated switch 
located on the information and identity storage device. 

In rail car use, a microwave signal is 
transmitted and received between the transmitter and 
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receiver. Other radio frequency, optical or inductive 
communication schemes are feasible. In the case of 
railroad cars, an interrogation station reads at a 
distance of up to five meters, but this distance can be 
increased to several kilometers for different uses, or 
reduced for other uses. The information and identity 
storage devices have to be suitably packaged for 
protection against weather and environmental conditions 
and have antennas to allow transmission and receipt of 
coded signals in suitable locations. 

The present invention also provides an 
electronic identification system for remotely storing 
information on an object, and remotely retrieving 
information from the object. The electronic 
identification system includes, in combination, an 
information and identity storage device located on the 
object, and at least one interrogation station located 
remotely from the object. The interrogation station is 
adapted to read data from the information and identity 
storage device as well as to program it without physical 
contact. 

The information and identity storage device 
comprises memory means for storing information and 
identity data, and protect means for protecting a portion 
of the memory means against accidental erasure. Logic 
circuit means for producing a predetermined coded signal 
representing the information and identity data stored in 
the memory means has a remote non-contact means for 
programming the portion of the memory means not protected 
by the protect means. Transmitter means for transmitting 
the coded signal is coupled to trigger circuit means 
which, when triggered, causes the coded signal to be 
transmitted. A battery power source energizes the other 
portions of the information and identity storage device. 

The interrogation station comprises 
interrogation signal means for triggering the logic 
i. 
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circuit means in the information and identity storage 
device and pulse sequence generating means for 
programming the portion of the memory means on the 
information and identity storage device not protected by 
the protect means. The interrogation station also has 
receiver means for receiving the coded signal from the 
information and identity storage device and 
synchronization means between the information and 
identity storage device, and the receiver means. Decoder 
means for decoding the coded signal, verifies the 
accuracy of the coded signal, and recovers the 
information and identity data stored in the memory means 
of the information and identity storage device and 
transmitted to the interrogation station. 

In other embodiments of the invention, a first 
antenna is provided in the logic circuit means to pick up 
an interrogation signal, and a second antenna is adapted 
to transmit the coded signal from the transmitter means. 
An absolute time source is provided integral with the 
information and identity storage device, together with 
synchronization means between this time source and the 
receiver means. In another embodiment, the memory means 
has the ability to store a plurality of pages 
representing the information and identity data, and the 
logic circuit means can select data from' the plurality of 
pages upon receipt of predetermined timed interrogation 
pulses from the interrogation station. In yet a further 
embodiment, the decoder means verifies the accuracy of 
the coded signal by including an integral count of the 
number of zeros in the coded signal. 

A light-activated switch integral with the 
protect means is provided in one embodiment which, when 
illuminated, permits the portion of the memory means 
protected by the protect means to be erased and 
reprogrammed. in a still further embodiment, a wheel 
contact signal means is provided for use on a railroad 
car to ^indicate arrival of each car at the interrogation 
station. 
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A particularly important additional embodiment 
of the vehicular identification system and the equipment 
disclosed herein is monitoring highway vehicles' motion 
on multi-lane highways such as toll roads and 
expressways. In particular, states of the United States 
have found it necessary to control heavy truck traffic on 
interstate highways within t;heir borders. In order to 
effectively maintain traffic control, in particular, it 
is necessary and desirable to weigh, identify and 
communicate with vehicles as they traverse 
bidirectionally on multi-lane highways. In keeping with 
the present and future highway speed limit, it is 
necessary to do this at speeds such as 70 m.p.h. 
Typically, in order to describe the systems disclosed 
herein, 120 ft./ sec * or 72 m.p.h. will be used, although 
higher speeds can be accommodated at increased data 
rates. The use of radio frequency signals from the road 
surface to high speed vehicles, such as trucks travelling 
along bidirectional multi-lane highways, presents 
appreciable application difficulties. As those skilled 
in the art will recognize, it is necessary to transmit 
and receive signals from the road surface to each lane of 
the highway and individually identify each vehicle, 
although they may be closely spaced, as they travel over 
a transmitting and receiving antenna located at the 

highway surface. 

The present invention detects vehicles by 
transmitting an interrogation signal from the road 
surface to a transponder or information and identity 
storage unit located on the vehicle, as described 
herein. In order to protect the transmitting means, such 
as a radio frequency antenna and/or magnetic loop, 
shallow grooves are typically cut in the road surface. 
The loop and/or antenna is placed in the groove and 
effectively sealed or potted in the groove, thereby 
restoring the original highway surface. The invention 
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disclosed herein utilizes either low or high radio 
frequency transmissions from the road surface to the 
vehicle with high frequency transmissions for the reply. 
The preferred embodiment uses high frequency 
electromagnetic transmission in both directions, thereby 
avoiding the necessity of using loops in each lane of the 
highway being monitored. A portion of the invention 
disclosed allows all lanes to be monitored by a single 
set of antennas traversing them. This approach greatly 
simplifies installation of antennas, because a single 
transverse groove formed in the roadway replaces multiple 
cuts, which otherwise would be needed to install a loop 
in each monitored lane. 

The invention further includes a collinear 
antenna array operating typically at 915 MHz., used to 
communicate with vehicles going in opposite directions in 
multi-lane highways. The use of a multiple element 
collinear dipole, as those skilled in the antenna arts 
will readily recognize, is advantageous in that radiation 
is concentrated at right angles to the array axis. The 
collinear dipole radiation pattern is oriented with 
c maxima in a radial direction from the array axis. The 
collinear dipole antenna array provides a relatively 
constant transverse beam across all lanes of the highway, 
eliminating the possibility of weak signals at the outer 
edge of the roadway. The materials used for highway 
construction have widely varying electrical properties 
from one geographic region to another. This results in 
varying amounts of signal attenuation and field pattern 
distortion for antennas buried in the roadway. In order 
to provide uniform performance at all locations, it is 
therefore necessary to electrically isolate the antenna 
from the roadway and to bury it in a medium of known 
characteristics. This is achieved by placing the antenna 
in a conductive channel filled with an epoxy or polyester 
resin of known dielectric properties. Further, by 

I. 
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careful selection of the channel dimensions and 
dielectric properties, the radiation from the antenna in 
the upward direction can be maximized. In particular, 
mounting the antenna array at critical distances with 
respect to the open side of the channel has provided at 
least a three decibel signal gain in concentrating the 
radiation pattern in the direction of the open channel. 
Use of the dielectric material, in addition to enhancing 
signal transmission, provides physical protection for the 
antenna array including the exclusion of water and/or 
structurally protecting the antenna-radiating surfaces 
from impact loads due to vehicular tires traversing the 
groove. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram illustrating an 
electronic identity system having an information and 
identity storage device and an interrogation station and 
embodying the present invention; 

FIG. 2 is a schematic diagram illustrating one 
embodiment of a. vibrationally driven power source for the 
information and identity storage device of FIG. 1; 

FIG. 3 is a block diagram of a logic circuit in 
the information and identity storage device of FIG. 1; 

FIG. 4 is a schematic diagram of a microwave 
triggered circuit of the information and identity storage 

device of FIG. 1; 

FIG. 5 is a block diagram of the interrogation 

station of FIG. 1; 

FIG. 6 is a block diagram showing the coded 
signal receiver of the interrogation station of FIG. 5; 

FIG. 7 is a diagram of the identification system 
of the invention as installed on a bidirectional, four 
lane highway, particularly showing the location of 
individual lane triggering and receiver antennas; 



FIG. 8A shows a single lane portion of the four 
lane highway of the type shown in FIG - 7 having 

positioned therein a 130 kHz, triggering loop and a 2450 

* 

MHz • leaky coax antenna; 

FIG. 8B shows another single lane portion of the 
four lane highway of the type shown in FIG. 7 having 
positioned therein a 130 kHz. triggering loop antenna and 
a 915 MHz. collinear array receiving antenna; 

FIG. 8C shows a single lane portion of the four 
lane highway of the type shown in FIG. 7 having 
positioned therein a 915 MHz . collinear array, triggering 
pulse transmitting and a 915 MHz. collinear array data 
receiving antenna ; 

FIG . 8D shows a single lane portion of the four 
lane highway of the type shown in FIG. 7 having 
positioned therein a single 915 MHz . collinear array 
antenna for interrogation, transponder triggering, and 
transponder signal receiving through the use of a 

directional coupler ; 

FIG. 9 is an isometric view of the antenna and a 
reflective shield or channel housing embodying the 
present invention, showing details of the positioning of 
the channel in a roadway of a highway and the position of 
the antenna in the channel; 

FIG . 9A is an isometric view of the collinear 
array antenna of FIG. 9, showing further details of its 

construction; 

FIG. 9B is an additional depiction of a portion 
of the collinear array of FIG 9A, showing two complete 
elements and a partial element constructed from coaxial 
cable ; 

FIG. 9C is a graphic depiction of the current 
distribution in the center conductor of the coaxial cable 
elements of the array of FIG 9B; 

FIG. 9D is a further graphic depiction of the 
currenrLdistribution 'in the sheath of the coaxial cable 
elements of the antenna of FIG. 9B; 



FIG. 10 is a sectional view taken substantial ly 
along line 10 — 10 of FIG. 9, showing details of the 
collinear array antenna and the reflecting shield; 

FIG. 10A is .a partly sectional view of the 
collinear array antenna of FIG. 8D, in an operative 
position showing details of the radiation signal pattern 
of the collinear array antenna in a direction parallel 
with the collinear array; 

FIG. 10B is an elevational view of the roadway 
of FIG. 9, showing the pattern of radiated energy from 
the collinear array antenna and reflecting shield of FIG. 

9; 

FIG. 11 is a diagrammatic representation of the 
sequence of triggering and data pulses transmitted and 
received by an interrogation station positioned adjacent 
a fourth lane of a four lane highway; and 

FIG. 12 is an isometric view of one form of a 
leaky coax radiating element. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Referring now to FIG. 1, an electronic 
identification system 8 includes a transponder or 
identification and identity storage device 10 and a fixed 
transponder or interrogation station 11. . The information 
and identity storage device 10 includes a power source 
12, a logic circuit and a memory 13, a receiver and 
trigger circuit 14 with a first antenna 15, a radio 
frequency transmitter 16 and a second antenna 17. The 
interrogation station 11 includes a receiver 18 with an 
antenna 19 of an antenna array, a decoder 20, a data 
processor 21, which provides data format memory and 
control functions, and a trigger interrogation pulse 
sequence generator and a transmitter 22 with an antenna 
23. The data processor 21 aids in the decoding process, 
formats the data for communication with a central data 



processing unit (not shown) and generally controls the 
functions of the interrogation station 11. In general, 
the complexity of the data processor 21 depends on the 
particular function which the electronic identification 
system 8 is required to perform. 

The power from the power source 12 for data 
retention in the memory of the information and identity 
storage device 10 must be present at all times unless an 
EEROM is used and so a battery is required. However, the 
battery could be supplemented by other power sources 
including energy transfer from inductive or radio 
frequency energy fields, of which- several examples exist 
in prior art, or inertial field generation as described 
herein. In many embodiments, of which railroad cars are 
one example, the power requirements are such that 
available batteries could provide up to a 20 year 
operational lifetime without supplemental sources of 
energy. For those applications where additional energy 
is required, and where the object requiring data storage 
is in motion, a means for producing power for data 
transmission is from the inertial field. 

FIG. 2 illustrates an inertial energy generator 
where electric power is derived from the vibration or 
vertical movement of the moving object. A small mass 3 0 
is shown mounted in a . frame 31 on one end of a resilient 
strip 32. Piezoelectric material 33 is bonded to each 
side of the strip 32, and a. movement of the mass 30, 
causing deflection of the strip 32, generates an 
alternating voltage. Leads 34 from the piezoelectric 
material 33 feed to a circuit where rectification and 
doubling of the voltage is performed by the diodes 35, 36 
and the energy storage capacitors 37, 38. Alternatively, 
an ordinary full-wave or half-wave rectifier may be used 
if the higher voltage is not required. The direct 
current energy either can be stored in the capacitors 37, 
38 or i ; 7;\ a rechargeable battery 39. A means for limiting 



the maximum voltage is provided in the form of a Zener 
diode 40, by a number of diodes in series, or by a 
voltage regulator circuit. 

The contents of the memory are maintained by the 
battery power source 12 which provides sufficient energy 
to the transmitter 16 so that the coded signal is 
completely transmitted before the stored power drops low 
enough to stop the data transmission. The transmitter 16 
draws little power from the power source 12, in its 
quiescent state, allowing excess; generated energy form 
the power source 12 to be stored for later transmission. 
The data to be transmitted from the information and 
identity storage device 10 must be formatted in such a 
way that the desired information is conveyed accurately. 
While the following scheme is the preferred embodiment 
for marking railroad cars, a number of variations are 
possible. In general, the data will contain coded 
information to designate the owner of the car and the 
car's serial number in a protected portion of the memory. 

Data bits can be coded in various ways. For 
North American railroad applications, where cars 
associated with various owners are intermixed, a code is 
allocated to the protected portion of the memory frame as 
follows: 

9 bits: represent car owner 
20 bits: represent car serial number 
5 bits: are used as a check 
v^(0 count) 

The data code stream contains either a means of 
self-synchronization relying on the code format, or an 
external or inherent method of synchronization is 
provided. In one embodiment, synchronization in some 
form is provided at the interrogation station 11 to clock 
the identification device 10. An alternative solution is 
to provide an absolute time source such as a clock, with 
the identification device 10. The clock should be stable 



enough so that synchronization of the second independent 
clock in the interrogation station 11 is maintained 
within a single bit interval for the period of time 
required to transmit the coded signal from the 'moving 
information and identity storage device. 10 to the 
stationary interrogation station 11. The availability of 
low cost, accurate timing crystals for wristwatch 
manufacture make the use of a non-return to zero (NRZ) 
code feasible for the code signal since the timing is 
predictable enough for data. recovery . The low power 
consumption of these devices allows lifetimes of up to 20 
years on available batteries. 

One operating feature of the information and 
identity storage device 10 is the code rate employed for 
the coded signal. High code rates allow for many read 
operations at high vehicle speeds, but are more difficult 
to decode and consume more power. Typical microwave 
antennas allow a reading window of about 3 00 meters. A 
transmitter spends about 3.5 milliseconds- in this window 
when traveling at 320 km./hr. Assuming at least three 
transmissions to be received, the total time for each 
transmission would be about one millisecond. A typical 
transmission comprises eight preamble bits and sixty four 
data bits so that a sufficient code rate is about 64 
kHz. Doubling the. frequency of a watch crystal 
provides a convenient rate of 65.5 kHz. with acceptably 
low power. At more common railroad and highway speeds 
such as 100 km./hr. , the transmitter can be read 
approximately ten times with consequent improvement In 
accuracy. In order to read four sixty four bit pages of 
data,, or two hundred fifty six bits three times in less 
than 3.5 milliseconds, the maximum transponder carrying 
vehicle speed is 80 km./hr., which is more than adequate 
for those locations at which this quantity of information 
is required. With this code rate, spacing of information 
and identity storage devices 10 on adjacent railway cars 
can be of the order of a meter without any difficulty. 



Increased data rates for use with high speed 
vehicles or vehicles traveling multiple lane roadways or 
tracks can be provided by the transponder 10 and 
interrogator or reader 11 disclosed herein, and will be 
later described. 

A block diagram of the logic circuit 13 is shown 
in TIG. 3. The logic circuit 13 will be familiar to 
those skilled in the art. To achieve the very low 
current consumption required, the entire information and 
identity storage device ,10 is realized in a single CMOS 
integrated circuit or circuits. In response to a trigger 
impulse, the trigger circuit 14 resets the flip-flop 52 
and the counters 53 and 54 and auxiliary counter 55 are 
allowed to count. Counter 54 sequentially selects memory 
addresses which cause the contents of the preamble store 
56 and the first memory page 57 to be output through the 
transmitter 16 to the antenna 17, which consequentially 
sends out a coded signal. At various precise time points 
during the transmission, the program mode and page select 
circuit 59 allows memory paging or programming mode 
entry. Access to the first thirty four bits is 
controlled by the light-activated switch 60. Data entry 
is also through the trigger circuit 14 . The information 
and identity storage device 10 is returned to its 
quiescent state either when counter .54 reaches the end of 
its count, signifying that all bits have been sent, or 
when auxiliary counter 55 ends its count. 

The trigger circuit 14 may take one of several 
forms depending on the specific application. The 
characteristics of the trigger circuit 14 are as follows: 

1.. High input impedance . 

2. A threshold level of voltage which must be 
exceeded in order to initiate the transmission. 

3. Trigger initiation is effected by an 
impulse rather than a steady state condition. 

j. 4. The trigger circuit is passive in the sense 



that its operational power is obtained from the 
triggering signal and it consumes no energy in the 
quiescent state. 

Energy may be provided to trigger circuit 14 in 
various forms such as electromagnetic, magnetic, 
infrared, ultrasonic or pressure- In one embodiment used 
in the railroad environment, a burst of microwave energy 
is used as an interrogation signal. FIG. 4 shows a 
trigger circuit suitable for receiving an interrogation 
signal 70 in the form of electromagnetic radiation, 
demodulating the burst with diodes 71 and capacitors 72 
and matching the appropriate input impedance with a pulse 
transformer 73. 

In order to access the additional pages of 
memory, a timed sequence of interrogation pulses is 
sent. A different sequence of pulses allows the memory 
to be written to, this access only being permitted to 
"write protected" portions of memory unless the protect 
switch is illuminated. The individual bits of memory are 
also programmed using appropriately timed interrogation 
pulses . 

Included in the information and identity storage 
device or transponder 10 are two antennas 15 and 17. 
These could take various forms but in one embodiment, 
they operate at microwave frequencies. Both antennas 15 
and 17 and also all other circuitry in the device are 
mounted on a sheet of low loss material. The antennas 
may consist of patches or arrays of patches of conductive 
material whose design would be familiar with ones skilled 
in the art. The configuration of the patches is 
dependent on the frequency of operation and the desired 
antenna patterns. One antenna is associated with the 
trigger circuit 1< described above, and the other is 
connected to the transmitter 16, which is a single stage 
device arranged to produce energy at the desired 
frequency. A power, output of one to ten milliwatts is 
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more than sufficient for reliable operation of the 
electronic identification system 8. In general, the 
operating frequencies of the data link and the triggering 
link are different, but since the trigger circuit and the 
data circuit do not transmit at the same time, they may 
be the same. 

FIG. 5 illustrates a more detailed arrangement 
of the interrogation station 11. The embodiment shown 
represents one configuration suitable for railroad 
applications. Alternative interrogation stations and 
receiving antennas may be employed. Three microwave 
interrogator signal sources with antennas 80, 81 and 82 
are shown. One is located on each side and one between 
the two ties of the railroad track to allow reading of 
the information and identity storage devices on either 
side or under the cars. A coded signal receiver 83, 
which is similar to the receiver 18, with antennas 84, 85 
and 86 on either side in between the tracks is located 
beside the track along with the rest of the interrogation 
equipment 87, 88. The receiver 83 is shown in more 
detail in. FIG. 6 and has an antenna 89, an RF filter 90, 
RF amplifier 91, a detector 92, and a DC amplifier 93. 
The operating frequency is chosen to minimize noise and 
unwanted signals and is typically in the 2500 MHz region 
although other frequencies such as 915 MHz. can be used 
as well. Detected and amplified signals from the 
receiver 83 are fed to the decoder 87 and microprocessor 
system 88 where they are checked for accuracy and stored 
or transmitted . to a host computer as required. 
Synchronization with the transmitter 16 takes place in 
the decoder circuit 86 which has an absolute time 
reference on the same frequency as the transmitter 16. 

In one embodiment of the system, wheel contacts 
provide supplemental information such as speed and 
direction of the train. Wheel contacts indicate when the 
whole train has passed, and at this time the data is 



assembled in a format compatible with the central data 
processor to which it is sent either iinr^response to an 
interrogation or on its own request. It is also possible 
to use reflected signals from the interrogating beam to 
determine the speed and direction of the vehicle using 
the Doppler effect. 

As indicated earlier and above, the electronic 
vehicular identification system 8 disclosed herein may 
also be used to identify moving vehicles on multi-lane 
highways, however, substantial difficulty may be 
encountered due to random arrival of vehicles at the 
reading or interrogating station 11, and in particular, 
movement of the vehicle's transponder 10 over an 
interrogating loop or antenna. Since there is a high 
probability that multi-vehicle traffic will be 
..simultaneously present at the interrogating antenna 
location, in order to properly monitor road traffic at a 
given point, it is necessary to distinguish not only 
between successive vehicles in a given lane, but to 
distinguish the particular lane occupied by a given 
vehicle that passes over the interrogation antenna. In 
order to provide the type of roadway monitoring currently 
required by state highway authorities, the present 
invention provides an apparatus and a method which 
provide positive identification of vehicles travelling in 
the same and opposite directions along multi-lane 
highways. Typically, in a given monitoring situation two 
to four lanes are monitored with identification of 
vehicles having a nominal transponder spacing of 3 feet 
traveling at typical speeds of 70 m.p.h. As will be 
discussed, however, vehicle speed and transponder spacing 
can be varied through the use of greater data rates. 

In particular, with reference to FIGS. 7 and 8A 
through 8D, various single lane embodiments of the 
highway signal transmitting and receiving systems of the 
invention are shown therein. FIG. 7 shows in 



diagrammatic form, a typical multi-lane highway 
installation wherein four lanes of opposing direction 
traffic 101 and 103 trave.1 along a highway 109. In the 
specific lane configuration of FIG. 8A, there is buried 
in the surface of the roadway, a ccllinear triggering 
antenna or alternately a triggering loop antenna 100 
typically radiating at a frequency of 130 kHz., and a 
collinear antenna array 102->; radiating or receiving at a 
Y^> frequency of 24 50 MHz . The collinear antenna array 102 

will be known to those skilled in the art as leaky coax, 
fZfc 10 as disclosed in U.S. Patent No. 3,691,488, the disclosure 

of which is incorporated herein by reference. It 
"X- comprises a coaxial cable 102a, as may best be seen in 

FIG. 12, having a perforated outer conductor 102b for 
radiation of electromagnetic energy through a plurality 
15 of openings 102c therein. 

Systems using a loop trigger antenna and 
microwave collinear antenna can also operate the loop at 
130 kHz., with microwave collinear receiving antenna 102 
operating at 915 MHz . and other collinear antenna arrays 
20 as shown in FIGS. 8A, 8B, 8C, and 8D. FIGS. 10A, and 10B 
show the signal intensity of radiation pattern of the 
operating collinear array antenna 102. As shown, the 
signal intensity pattern defines a transponder capture 
zone. 

25 The system of FIG. 7 utilizes individual lane 

triggering antennas 100, and receiving antennas 102, as 
will be discussed later. 

Although the following description is framed on 
the loop trigger operating antenna configuration of FIGS. 
fr* I 30 1 t 8A / and 8B * the lane configurations ofj^A^ 8C, or 8D 

would function equally as well, and are considered 
equivalent systems. 

In operation, and with inclusive reference to 
FIGS. 7 and 11, there is a transponder interrogating or 
triggering pulse 104 transmitted by a triggering antenna 
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or loop 100. After a transponder response interval 106, 
typically 250 microseconds, if no transponder response is 
received by the antenna 102, interrogator or reader^goJJ/ O 
(joforonoc FIG^ 7,) and ?D) stores the non-response 
indicating an interrogating transmission on lane 1. The 
second interrogating pulse 108 , noted as lane 2, is 
transmitted from the antenna 100, and if no transponder 
response is received during the interval 110, a third 
interrogator pulse 112, noted as lane 3, is transmitted 
with, an additional wait for a receiving period 114. As 
shown, the fourth interrogating pulse 116, noted as lane 
4, is transmitted and receives a transponder response 
118. On receipt of the transponder response, the 
transmitted interrogating pulse is delayed by 2,000 
microseconds in order to provide additional time to 
receive a transponder message, typically containing 128 
information bits, at a data rate of 65 kHz. 

The "record keeping" i.e., lane counting, and 
redundant reads in the case of improper data reception is 
under the control of an interrogator 120. This approach 
provides successful monitoring for moving vehicles in 
multi-lane roadways. The electronic identification 
system 8 operates under conditions wherein there is a 
nominal spacing between transponders 10 in any lane 
configuration on vehicles moving at rates of 120 feet per 
second, or 72 m.p.h. The invention further provides an 
antenna having a transponder capture or zone of 
approximately three feet along the path of the moving 
vehicle. With this configuration, information data rates 
of 65 kHz. and vehicle speeds, each lane's capture zone 
is occupied by a given vehicular transponder for at least 
30 milliseconds. At the above-mentioned data rate of 65 
kHz., a 128 bit message received from the transponder can 
be received in approximately two milliseconds, providing 
a large time interval where multiple reads of the same 
transponder 10 can be obtained in order to improve the 
statistical return signal accuracy. 
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In another particular embodiment of the 
invention , a leaky coax antenna is operated at a 
frequency of 2450 MHz. However, as will be further 
described , the use of available lower frequencies , 
^ typically 915 MHz. for both triggering and data transfer 

5 from the data transponder 10 allows read intervals 

adequate to insure accurate detection and identification 
of the moving vehicles . 

AltSiough the above described system operates at 
a data rate of 65 kHz. or kilobits per second, and a 
carrier frequency of 915 MHz., this invention discloses 
the discovery that equivalent operation can be achieved 
^ at data rates of 500 kHz. or kilobits per second. This 

provides a relatively large increase in the effective 
capture zone of the particular collinear antenna 
15 configuration shown in FIGS. 10A and 10B, thereby 
\h> allowing vehicular speeds in the vicinity of 100 m.p.h., 

and more importantly provides a system capability of 
multiple transponder read cycles for essentially 
simultaneous occupancy of a multiple lane highway by 
vehicles which may be moving in either direction. 

In addition, it has been discovered, that the 
use of individual lane receiving antennas of the type 
shown in FIG. 7 greatly simplifies the correlation o"f 
vehiculai^dentif ication with a specific lane. The 500 
kHz. or kilobits per second data rate therefore allows 
the use of a 600 microsecond transponder read. cycle 
comprised of an initial 50 microsecond transponder 
\S triggering pulse, followed by a 550 microsecond 

transponder receive interval. In addition the higher 

3 0 

data rate allows for transponder reprogramming during the 
transponder response time portion of the cycle. ^ /. t \ 
v \\ I {FIGS. 7 and Bk further show an interrogator or 

^ * *J)< reader 12^jin signal communication with an antenna or 

loop 100 and the antenna 102. This arrangement is common 
to roadway interrogating stations disclosed, providing 
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communication and information processing between road 
antennae, and auxiliary computing equipment. 

In an additional embodiment of the invention, 
the lane configuration of FIG. 8B consists of 
interrogator trigger loop alternate 120, which is similar 
to the loop 100 discussed above, for delivering a trigger 
or turn-on pulse at 130 kHz. Also used, as may best be 
seen in FIGS, 8B and 11, is a collinear antenna array 122 
utilized as an antenna for receiving a transponder signal 
118 during the transponder response interval 106 to the 
triggering pulse 116 transmitted by the loop 120. Use of 
the collinear antenna array 122, provides an advance in 
the art of transponder communication, in that receiving 
signal strength from the transponder 10 is greatly 
improved. 

With reference to FIG. 8C, yet an additional 
embodiment of the invention comprises parallel collinear 
array antennas for transmitting a trigger pulse from one 
array and interrogating a mobile transceiver 10 and 
receiving the transponder signal from the other. The 
configuration of FIG. 8C is placed in and substituted for 
the loop 100 and collinear antenna 102 of FIG. 7. 
Replacement of the interrogating loops 100 and/or 120 by 
a collinear transmitter array 122 provides an advantage 
in that the antenna 122 provides signal gain and 
directivity from the interrogation station 11 to the 
transponder 10 for transmitting trigger pulses to, in 
reprogramming the transponder 10. Similarly, the 
collinear array receiving antenna 122 provides increased 
directivity and signal gain for data received from the 
low power transponder 10. 

A further embodiment of the invention disclosed 
herein is shown in the individual lane element of FIG . 
8D. As shown, a single collinear array operating at 915 
MHz is used for both transmitting and receiving with the 
use of a microwave directional coupler or circulator 126 
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wherein tne triggering and interrogation signal is 
supplied by a conductor 127 and transponder response 
signals are received via the coupler and connector 128. 
This configuration is a further advance in the art of 
identifying and communication with moving vehicles in 
5 that only a single roadway groove is required. 

The use of 915 MHz . as a communication frequency 
for the electronic identification system is dictated by 
the availability of this frequency for devices of this 
type. As such, it is a reasonable compromise with 
10 respect to interference from other services and devices, 
debris penetration, and availability of components at 

reasonable cost. 

As discussed above, the collinear array suitable 

for installation in the roadway surface has provided 
15 signal directivity and gain in the direction upwards of 
the road surface. In particular, as may best be seen in 
FIGS. 9 and 10, the antenna consists of the collinear 
array assembly 122 consisting of a collinear element 
array 124, as may best be seen in FIG. 9A, mounted 
20 internally of a U-shaped open channel or shell comprising 
a reflective shield 123. An antenna array 124 comprised 
of coaxial cable is mounted in the channel 123 inside a 
protective tubular housing 128 mounted somewhat centrally 
and internal of the reflective shield 123. Surrounding 
25 the outer surfaces of the tubular housing 128, is a 

dielectric material 130 filling the reflective shield. 
The use of a material having a dielectric constant 
greater than 1.0 and high compressive strength, water 
resistance, and the ability to bond to both the 
reflective shield 123 and the housing 128, improves 
signal transmission by increasing the signal strength 
above the roadway, and provides protection from the 

vehicles on the road. 

As those skilled in the antenna arts will 
readily .recognize, use of relatively low loss dielectric 
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materials having dielectric constants greater than 1 
reduces the wavelengths of electromagnetic transmissions 
through the medium. In this case use of the material 
having a dielectric constant of approximately 2.5 tends 
to reduce the wavelength of. the transmitted signal by a 
factor of about 1.5. The effect of this wavelength 
reduction is to effectively bring the antenna to shield 
or trough distance closer to a half wavelength at 915 
MHz., thereby increasing the effectiveness of the shield 
in reflecting radiation toward its open end thereby 
increasing the signal strength of upward radiation. As 
shown in FIG. 10, the antenna array 124 is laterally 
centered closer to the road surface 125 than the bottom 
of the metal shield 123, substantially increasing the 
radiated signal upwards through the shield open end and 
upward from the road surface 125. The disclosed antenna 
further provides an advantage in that the reflective 
shield 123 eliminates any dependence on the dielectric 
constant or radio frequency characteristics of commonly 
used pavements, resulting in predictable performance in 
roadways having highly variable radio frequency loss 
characteristics. In a specific embodiment of the 
invention, the reflective channel of FIG. 10 comprises a 
metal shield having a three-inch width, with the 
-collinear antenna assembly 124 disposed equidistant from 
the sides of the shield 123 and approximately one inch 
from the lower surface. The channel is cemented or 
retained in a roadway groove, after which the antenna 
assembly properly supported from one edge of the road to 
the other is, "potted" with dielectric material 13 0 in 
the metal shield 123, as shown in FIGS. 9 and 10. 

The improvement in radiating signal 
characteristics of the collinear array disclosed herein 
is particularly shown in FIGS. 10A and 10B. In providing 
a relatively uniform radiation pattern across the roadway 
shown in FIG. 10A, provides improved responses from 
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vehicular transponders 10 operating near the edge of the 
road. The radiation pattern, or transponder zone capture 
of the antenna shown in TIG. 10B increases the occupancy 
time of moving transponders providing, as discussed 
above, an improved accuracy in data transfer from low 
power transponders to interrogator. 

In reference tc FIG • 9A, 9F, 9C, and 9D there is 
shown a detailed depiction of a typical portion of the 
collinear array 124, As those skilled in the antenna 
arts will readily perceive, one embodiment utilizes 
lengths of coaxial cable cut to one-half wavelength at 
the operating frequency and connected conductor-to-shell, 
as shown, in order to obtain the required phase reversal 
in each other half-wave section, resulting in a plurality 
of in-phase radiating elements which increases the 
radiated signal strength over that provided by an 
identical number of dipoles. A unique advantage of the 
collinear array 124, as incorporated in a road antenna in 
this invention, lies in its completely modular 
construction. It is possible to utilize this antenna 
construction in identifying vehicles over roads having 
varying widths and numbers of lanes by merely adding 
additional half-wave sections. c 

The theory and operation of the collinear array 
antenna of the invention are described in Transmission 
Lines, Antennas, & Wave Guides , King, Mimno & Wing, 
McGraw-Hill Book Co., pp. 133-145. 

At the input end 132 of the antenna assembly 
124, there is shown a quarter-wave matching stub 134. 
Also at the free end of the antenna 135, there is an 
additional quarter-wave matching stub 137 having an 
additional capacitive end 139. Those skilled in the art 
will readily understand applicant's discovery of a 
collinear array in cooperation with a reflecting shield 
providing an advance in the state of the art of vehicle 
identification through transmission and reception of 
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„ y radio frequency signals to and from the road surface, 
g /the input^end 132 of the antenna assembly 124^— thcrcr-is 
ft / shown a quar^f*=wAve matching sjjib 134. Also at the free 

end of the antenna 135^>%here is an additional' 
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I ouarter-wave matching stub 137 havirft>— a n a dditional 

^ 5 / ^ 

w J capaciti^e end 139-_\ 

A further portion of the invention disclosed, as 

may best be seen in FIG. 11, in addition to reading a 

vehicle mounted transponder in order to record and store 

its fixed identification, the reader or interrogator can 

communicate with the moving vehicle by transmitting a 

data signal pulse to the transponders 10. 

As discussed above, individual transponders 10 

are activated by a trigger pulse, i.e., pulses 104, 108, 

and 116 as .may best be seen in FIG. 11. Because the 

transponder trigger circuit 14 is activated by the 

trigger pulse, coding the trigger pulse from the 

interrogation station 11 at a data rate substantially 

higher than the transponder data rate to the 

interrogation station 11 provides a means for supplying 

data to the moving vehicle. Accordingly, in this 

embodiment of the invention the interrogator- transponder 

signal 140 comprises a transponder response 142 having a 

^C? time duration of 2 milliseconds at a data rate of 65 

kHz. The triggering signal 144, transmitted from the 

interrogation station 120 comprises a 25 microsecond 

coded portion 14 6 at a data rate * of 1 MHz and a 25 

microsecond pulse 147. Typically, this information would 

appear or be available on the moving vehicle via a 

dashboard display. Those skilled in the art will 

understand this dashboard display can take many forms 

including gas discharge displays and/or onboard cathode 

raV tube monitors. Information transmitted in this 

1 " hnaff arl 



MfcatterTjtypically can be road conditions emergency 

^ information for driver reaction or changing speed limits. 

3 5 

Although the embodiment described herein has 
been specifically described as being suitable for highway 
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and^ailroad use, it will be apparent to those skilled in 
the art^^chat the system has many applications and 
various changes may be made to the circuits and elements 
described herein without departing from the scope of the 
present invention which is limited only by the following 
claims. 



